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ABSTRACT 

Three  series  of  serrated  liners,  totaling  seventy-six  rounds  were 
tested  for  penetration  into  mild  steel  at  various  spin  rates.  The 
inspection  data,  penetration  data  and  test  conditions  are  presented 
and  the  test  results  are  discussed.  The  three  series  of  liners  tested 
were  as  follows;  (1)  45 -degree  copper  cones  with  100  flat  pressed 
exterior  flutes  (2)  45 -degree  copper  cones  with  4 curved  flutes 
pressed  into  the  exterior  surface,  and  (3)  45-degree  copper  cones 
with  50  flat  flutes  machined  into  the  exterior  surface. 

A future  program  for  serrated  liners  and  double -body  projectiles 
is  presented. 
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Serrated  Liners 

Three  series  of  serrated  liners,  total- 
ing seventy-six  rounds,  were  tested  for 
penetration  into  mild  steel  at  various 
spin  rates,  A standoff  distance  of  7,5 
inches  was  used. 

The  liner  designs,  DRD  254  No,  1, 
DRD  263-1  and  DRD  272  No.  1 are  shown 
in  Figures  1 to  3 inclusive.  The  inspec- 
tion data  are  recorded  in  Tables  I to  III 
and  the  penetration  data  are  shown  in 
Tables  IV  to  VI  and  in  Figures  4 to  6, 

DRD  254  No.  I Liners 

The  DRD  254  No.  1 liners  have  100 
flat  flutes  pressed  into  the  exterior  sur- 
face of  45°  copper  cones.  Flute  depth 
varies  linearly  from  .0422  ± ,0016  inch 
at  the  lower  datum  .484  inch  above 
the  base  to  , 0087  i ,0005  inch  at  the 
upper  datum,  2,  875  inches  above  the 
base.  The  average  wall  thickness,  mea- 
sured from  the  crest  of  the  flute  to  the 
inside  surface,  is  ,1517  ± ,0019  inch  at 
the  lower  datum  and  ,1603  ± .0022  inch 
at  the  upper  datum.  This  series  of  fluted 
liners  differs  in  one  important  respect 
from  all  other  series  of  liners  in  that 
the  offset  surface  is  as  nearly  radial 
as  could  be  obtained.  In  the  other  series 
this  surface  has  been  inclined  30°  to  the 
radius  vector  through  the  root  of  the  flute. 
With  smaller  numbers  of  flutes  the  pro- 
jected area  of  the  offset  surface  is  a small 
portion  of  the  total  conical  surface,  and 
has  been  considered  negligible,  but  with 
a targe  number  of  flutes,  such  as  the 
100  used  here,  the  projected  area  would 
approximate  30%  of  the  total  surface  and 
probably  should  not  be  neglected.  Accord- 
ingly, to  be  sure  that  the  effect  measured 
is  preponderently  the  effect  of  the  canted 
surface,  a radial  offset  surface  was  speci- 
fied for  these  100 -flute  liners. 

The  average  penetration  at  the  peak 


in  the  penetration  curve  is  15.0  inches 
of  mild  steel  at  20  rev/sec.  This  pene- 
tration represents  approximately  84% 
of  the  non-rotated  penetration  of  a smooth 
liner  with  a .100 -inch  wall  and  is  approxi- 
mately 100%  of  the  non-rotated  pene- 
tration of  a smooth  liner  with  a ,150- 
inch  wall.  At  spin  rates  between  15  and 
90  rev/sec  these  liners  are  slightly  su- 
perior to  smooth  liners  of  either  wall 
thickness. 

DRD  263-1  Liners 

The  DRD  263-1  liners  have  four  curved 
flutes  pressed  into  the  exterior  surface 
of  45°  copper  cones.  Flute  depth  varies 
linearly  from  .0614  ± .0004  inch  at  the 
lower  datum  plane  ,484  inch  above  the 
base  to  ,0219  ± .0005  inchat  the  upper 
datum  2.875  inches  above  the  base.  The 
average  wall  thickness,  measured  from 
the  crest  of  the  flutes,  tapers  from  ,1564  ± 
,0019  inch  at  the  lower  datum  to  ,1247 
± . 0026  inch  at  the  upper  datum.  The 
minimum  wall  thickness  is,  therefore, 
reasonably  constant,  and  varies  only 
from  ,0950  to  .1028  inch.  The  average 
penetration  at  the  peak  of  the  penetration 
curve  is  8,0  inches  at  0 rev/sec.  This 
design  did  not  result  in  any  measurable 
shift  in  the  optimum  spin  rate  and  the 
penetration  efficiency  is  only  45%  that 
of  smooth  liners  of  ,100 -inch  wall  and 
53%  that  of  smooth  ,150-inch  wall  liners. 
These  liners  are  substantially  inferior 
to  smooth  cones  at  all  spin  rates. 

DRD  272  No.  1 Liners 

The  DRD  272  No,  1 liners  have  50  flat 
flutes  machined  into  the  exterior  surface 
of  a 45°  copper  cone.  Flute  depth  varies 
linearly  from  . 0611  ± . 0010  inch  at  a low  - 
er  datum  plane  .484  inch  above  the  base 
to  .0211  ± .0010  inch  at  an  upper  datum 
plane  2,90  inches  above  the  base.  The 
average  wall  thickness,  measured  from 
the  crest  of  the  flutes,  tapers  from  ,1615 
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± ,0018  inch  at  the  lower  datum  to  ,1272 
±,0019  inch  at  the  upper  datum.  The 
minimum  wall  thickness  varies  from 
,1004  to  ,1061  inch.  The  average  pene- 
tration at  the  peak  of  the  penetration  curve 
is  11,4  inches  and  occurs  at  50  rev/sec. 
This  is  about  63%  of  the  non -rotated  pene- 
tration of  a smooth  liner  with  a ,100- 
inch  wall,  and  is  approximately  76%  of  the 
non-rotated  penetration  of  a smooth  liner 
with  an  average  wall  of  , 150  inch.  These 
liners  are  slightly  better  than  unfluted 
smooth  cones  at  spin  rates  between  40 
and  60  rev/sec.  At  other  spin  rates 
smooth  liners  are  superior. 

Discussion 

A correlation  of  the  performance  of 

Future 

1.  Serrated  Liners 

a,  DRD  267,  60  flat  flutes  pressed  on 
exterior  surface  only,  ,0107  in.  nom- 
inal depth,  ,100 -inch  wall,  42°  copper 
cone.  These  liners  are  ready  for  load- 
ing. 

b,  DRD  267,  same  as  jl  except  alumi- 
num cones  are  to  be  made. 

c,  DRD  318,  36  flutes  pressed  into  in- 
terior surface  only,  , 010  in,  nominal 
flute  depth,  . 100-inch  wall  thickness 
(42°  copper  cone). 

d,  DRD  319,  45  flutes  but  otherwise 
similar  toe., 

e,  DRD  320  (a),  60  flutes  but  other- 
wise similar  to  c., 

f,  DRD  320  (b),  similar  to  e except 
flute  depth  is  .020  in. 

g,  DRD  320  (c),  similar  to  e.  except 


nine  series  of  serrated  liners  with  design 
parameters  was  presented  in  the  Supple- 
ment to  the  Sixteenth  Progress  Report, 
In  subsequent  reports  data  for  additional 
series  of  liners  have  been  presented. 
The  data  presented  in  this  report  permit 
the  extension  of  the  correlation  upward 
to  100  flutes  and  downward  to  4 flutes. 
Figure  7 is  a plot  of  the  revised  corre- 
lation. The  correlation  fails  to  account 
for  the  behavior  of  only  one  series,  the 
DRD  272  No.  1 cones  with  50  deep  flutes. 
These  cones  behave  as  might  be  expected 
if  their  flute  depth  was  only  . 018  or  . 020 
inch  deep.  Accordingly  it  will  be  neces- 
sary to  study  the  effect  of  flute  depth 
more  extensively  to  determine  with  greater 
certainty  the  nature  of  this  relationship. 


flute  depth  is  . 040  in. 

h,  DRD  321,  100  flutes  but  otherwise 
similar  to  c, 

i.  DRD  78  modified  by  change  of  in- 
dexing. 16  curved  flutes,  internal 
and  external,  with  an  indexing  angle 
of  5°.  Nominal  flute  depth  is  .030 
inch,  wall  thickness  is  .100  inch. 

2.  Double  Body  Projectiles 

Firing  tests  with  test  slugs  to  deter- 
mine muzzle  spin  rate  are  planned  for 
the  following  bearing  designs: 

a,  DRA  218  and  DRA  216  -219  of  vary- 
ing hardness. 

b,  DRA  218  with  four  different  "Fos- 
coat"  treatments  on  bearing  surfaces. 

c,  DRC  389  deep  groove  combination 
radial  and  thrust  ball  bearings  without 
a cage. 


Program 


m 
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Serrated  Liner  Design,  100  Flat  Flutes. 
Firvcton*  Drawing  No.  DRD  254  No.  I 


Serrated  Liner  Design,  4 Curved  Flutes. 
Firnton*  Drawing  No.  DRD  2&3-I. 
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Table  I 

Inspection  Data  For  DRD  254  No.  1 Liners 

100  Flat  Flutat 


Ave.  Flute  Depth -in. 

Std.0ev. Flute  Depth-in. 

Wall  Thickness-in. 

Concentricity*- in.  | 

Liner  Na 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

DRD254N 

.1  . 0437 

.0160 

. 1450 

. 1450 

.0030 

.0030 

PlOO-1® 

.0404 

.0077 

±.0014 

±.0011 

. 1558 

. 1598 

.0050 

.0015 

PlOO-2 

.0413 

.0081 

±.0008 

±.0008 

. 1502 

. 1556 

.0040 

.0020 

PlOO-3 

.0421 

.0088 

±.0012 

±.0009 

. 1518 

. 1580 

.0030 

.0020 

P100;4 

.0430 

.0088 

±.0004 

±.0010 

. 1525 

.1585 

.0035 

.0030 

PlOO-5 

.0430 

.0083 

±.0006 

±.0013 

. 1530 

. 1625 

.0030 

.0030 

PlOO-6 

. 0422 

.0072 

±.0006 

±.0008 

. 1542 

. 1608 

.0025 

.0025 

PlOO-7 

. 0402 

.0096 

±.0004 

±.0007 

. 1502 

. 1610 

.0030 

.0050 

PlOO-8 

.0405 

.0086 

±.0006 

±.0011 

. 1510 

. 1608 

.0020 

.0020 

PlOO-9 

.0447 

.0088 

±.0009 

±.0011 

. 1512 

. 1558 

.0020 

.0020 

PlOO-10 

.0417 

.0085 

±.0007 

±.0009 

. 1520 

. 1628 

.0030 

.0040 

Pi 00-11 

.0455 

.0092 

±.0008 

O 

*—4 

o 

o 

• 

-H 

. 1552 

. 1625 

.0030 

.0030 

PlOO-12 

.0455 

.0088 

±.0012 

±.0009 

. 1530 

. 1570 

.0030 

.0030 

PlOO-13 

.0414 

.0084 

±.0008 

±.0011 

. 1530 

. 1600 

.0025 

.0030 

PlOO-14 

.0443 

.0089 

±.0017 

±.0008 

. 1532 

. 1588 

.0030 

.0030 

PlOO-15 

.0436 

.0086 

±.0009 

±.0009 

. 1515 

. 1635 

.0025 

.0025 

PlOO-16 

.0415 

.0086 

±.  00 1 1 

±.0008 

. 1495 

. 1582 

.0015 

.0020 

PlOO-17 

.0420 

.0080 

±.0008 

±.0007 

. 1530 

. 1630 

.0030 

.0030 

PlOO-18 

.0403 

.0088 

±.0006 

±.0011 

. 1478 

. 1598 

.0020 

.0020 

PlOO-19 

.0416 

.0088 

±.0011 

±.0010 

. 1498 

. 1620 

.0020 

.0020 

PlOO-20 

.0412 

.0090 

±.0009 

±.0008 

.1492 

. 1598 

.0020 

.0020 

PlOO-21 

.0436 

.0094 

±.0008 

±.0007 

. 1522 

. 1630 

.0020 

.0020 

PI  00 -22 

.0400 

.0093 

±.0014 

±.0009 

. 1482 

. 1615 

.0020 

.0020 

PlOO-23 

.0440 

.0086 

±.0011 

±.0010 

. 1530 

. 1610 

.0020 

.0020 

PlOO-24 

.0402 

.0093 

±.0010 

±.0008 

. 1502 

. 1620 

.0020 

.0020 

PlOO-25 

.0423 

.0085 

±.0014 

±.0005 

. 1518 

. 1612 

.0030 

.0030 

Average 

.0422 

.0087 

. 1517 

. 1603 

.0027 

. 0025 

St'd.  Dev 

±.0016 

±.0005 

±.0019 

±.0022 

±.0008 

±.0008 

Notes: 

1.  Lower  datum  is  .484  inch  above  the  base;  upper  datum  2.875  inches  above  the  base. 

2.  The  indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the  liner's 
outside  surface  relative  to  the  register  diameter.  The  difference  between  the  run- 
out at  the  two  datum  planes  is  an  indication  of  the  lack  of  perpendicularity  of  the 
register  plane  and  the  liner  axis. 

3.  Held  for  sectioning  and  display. 
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Table  ill 

Inspection  Data  For  DRD  272  No.  1 Liners 

SO  Flat  Flutmt 


m 


m 


Ave.Flute  Depth'-  in. 

Wall  Thickness-In. 

Coneentricity*in. 

Datum  Di( 
Crest  to 

i.-in. 

:rest 

Liner  No. 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

Datum 

DRD272 

.0630 

.0226 

. 1610 

. 1220 

.0030 

.0030 

3.234 

1. 165 

P50-1 

.0608 

.0206 

.1598 

. 1269 

.0015 

.0030 

3.258 

1.179 

P50-2 

.0611 

.0214 

. 1602 

. 1268 

.0035 

.0045 

3.256 

1.178 

P50-3 

.0612 

.0207 

. 1628 

. 1259 

.0030 

.0050 

3.256 

1. 183 

P50-4 

.0615 

.0212 

. 1628 

.1272 

.0025 

.0025 

3.244 

1.188 

P50-5 

.0610 

.0203 

. 1615 

. 1259 

.0030 

.0030 

3.256 

1. 188 

P50-6 

.0616 

.0203 

. 1630 

. 1265 

.0020 

.0010 

3.256 

1. 188 

P50-7 

.0611 

.0197 

.1629 

. 1286 

.0035 

.0030 

3.260 

1.190 

P50-8 

.0606 

.0200 

. 1626 

. 1274 

.0015 

.0020 

3.253 

1.192 

P50-9 

.0600 

.0205 

. 1591 

. 1268 

.0050 

.0035 

3.  253 

1. 183 

P50-10 

.0608 

.0220 

. 1621 

-.1271 

.0010 

*0045 

3.252 

1. 181 

P50-11 

.0628 

.0230 

. 1640 

. 1273 

.0020 

.0020 

3.242 

1.191 

P50-12 

.0613 

.0207 

.1618 

. 1275 

.0020 

.0040 

3.258 

1. 178 

P50-13 

.0616 

.0228 

. 1622 

. 1281 

.0010 

.0005 

3.257 

1.198 

P50-14 

.0643 

.0230 

. 1610 

. 1255 

.0030 

.0025 

3.256 

1. 174 

P50-15 

.0612 

.0211 

.1632 

. 1282 

.0020 

.0010 

3.256 

1. 188 

P50-16 

.0601 

.0208 

.1608 

. 1252 

.0025 

.0020 

3.251 

1.179 

P50-17 

.0617 

.0213 

. 1626 

. 1289 

.0005 

.0030 

3.251 

1.176 

P50-18 

.0600 

.0206 

.1592 

. 1280 

.0020 

.0030 

3.252 

1. 185 

P50-19 

.0603 

.0189 

.1579 

.1198 

.0020 

.0030 

3.258 

1.179 

P50-20 

.0617 

.0218 

.1621 

. 1272 

.0020 

.0020 

3.258 

1.183 

P50-21 

.0616 

.0212 

. 1632 

. 1282 

.0030 

.0040 

3.261 

1.191 

P50-22 

.0609 

.0200 

. 1642 

. 1300 

.0010 

.0030 

3.260 

1.198 

P50-23 

.0618 

.0211 

. 1628 

.1270 

.0020 

.0030 

3.253 

P50-24 

.0618 

.0231 

. 1609 

. 1276 

.0020 

.0030 

3,257 

P50-25 

.0598 

.0201 

. 1565 

. 1286 

.0010 

.0040 

3.255 

■MfE 

P50-26 

.0610 

.0217 

. 1628 

. 1274 

.0045 

.0035 

3.255 

1.188 

P50-27* 

.0605 

.0212 

. 1606 

. 1280 

. 0025 

.0025 

3.258 

1.195 

P50-28® 

.0600 

.0209 

. 1608 

.1253 

.0025 

.0010 

3.241 

1.184 

P50-29* 

. 0602 

.0206 

. 1614 

.1313 

.0015 

.0030 

3.255 

1.185 

Ave  rage 

.0611 

.0211 

. 1615 

. 1272 

.0023 

.0028 

3.254 

1.185 

Std.  Dev, 

±.0010 

±.0010 

t.0018 

±.0019 

±.0010 

±.0010  ±.005 

±.006 

Notes: 

1.  Lower  datum  is  .484  inch  above  the  base;  upper  datum  2.900  inches  above  the 
base. 

2.  The  indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the 
liner’s  outside  surface  relative  to  the  register  diameter.  The  difference  be- 
tween the  runout  at  the  two  datum  planes  is  an  indication  of  the  lack  of  per- 
pendicularity of  the  register  plane  and  the  liner  axis. 

3.  Held  for  sectioning  and  display. 
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Table  IV 

Penetration  Data  For  DRD  254  No.  1 Liners 


100  Mot  Flut»i 
Pig.  4 


Round  No. 

Pounds 
Comp  B 

Rev/ Sec 

Penetration 
(inches  M.S.) 

Max.  Spread 
( inches) 

Std.  Deviation 
(inohes) 

piOO-18 

2.50 

-15 

9.62 

PlOO-19 

2.52 

tf 

9.81 

PlOO-20 

2.51 

It 

9.88 

Avg,  9. 77 

.26 

±.  14 

PlOO-8 

2.48 

0 

14.00 

PlOO-9 

2.48 

It 

14.69 

PlOO-10 

2,48 

tt 

13.81 

Avg,  14.  17 

.88 

±.47 

PlOO-11 

2.50 

15 

14.94 

PlOO-12 

2.  44 

It 

14.62 

PlOO-13 

2.44 

tt 

15.00 

PlOO-24 

2.50 

It 

15. 18 

Avg,  14.94 

.56 

±.24 

PlOO-17 

2.52 

20 

14.94 

PlOO-21 

2.50 

tt 

14.50 

PlOO-22 

2.48 

It 

14.06 

PlOO-25 

2.50 

It 

14.56 

Avg,  14,52 

.88 

±.36 

PlOO-14 

30 

15.25 

PlOO-15 

tl 

14.38 

PlOO-16 

2.54 

tt 

14.  18 

PlOO-23 

2.50 

tl 

15. 12 

Avg.  14.  73 

1.07 

±.53 

PlOO-5 

2.62 

45 

13.00 

PlOO-6 

2.50 

II 

12.75 

PlOO-7 

2.50 

It 

10. 18 

Avg,  11,98 

2.  78 

±1.56 

PlOO-2 

2.54 

90 

6.81 

PlOO-3 

2.60 

It 

6.56 

PlOO-4 

2.58 

ft 

6.94 

Avg.  CT7 

.38 

±.20 

Notes; 

1.  Standoff  distance  was  7.5  inches  in  each  case. 

2.  Rounds  loaded  at  Ravenna  Arsenal  with  Comp,  B from  Holston  Lot  3-126, 

3.  DRC  15-8  test  assemblies  were  used. 
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Table  V 

Penetration  Data  For  DRD  263-1  Liners 
4 Curvmd  Flutes 
See  Fig.  5 


Round 

Pounds 
Comp  B 

Rev/ Sec 

Penetration 
(inches  M.S) 

P4-11 

2.46 

-180 

3.44 

P4-12 

2.48 

tt 

4.44 

3.94 

P4-8 

2.44 

-45 

6.38 

P4-9 

2.48 

II 

5. 18 

P4-24 

2.46 

II 

6.25 
Avg.  5.94 

P4-19 

2.40 

-30 

7. 18 

P4-20 

2.48 

It 

6.81 

P4-21 

2.36 

It 

9.75 

P4-25 

2.34 

II 

6.12 
Avg.  7.46 

P4-1 

2.50 

0 

8.38 

P4-2 

2.36 

II 

6.31 

P4-3 

2.44 

If 

8.62 
Avg.  7.77 

P4-16 

2.40 

+30 

10.81 

P4-17 

2.46 

It 

6.25 

P4-18 

2.46 

tt 

6.69 

P4-26 

2.46 

II 

7.25 
Avg.  7.75 

P4-7 

2.  54 

+45 

5.  94 

P4-22 

2.32 

II 

6.69 

P4-23 

2.46 

II 

5.44 
Avg.  6.  02 

P4-4 

2.  54 

+90 

2.88 

P4-5 

2.46 

It 

4.06 

P4-6 

2.46 

II 

2.75 
Avg.  3.23 

P4-10 

2.44 

+ 180 

2.81 

P4-13 

2.48 

+240 

2.50 

P4-14 

2.36 

tt 

2.  31 
Avg.  2.40 

Notes; 

Max.  Spread  Std. Deviation 

(inches)  (inches) 


±1.59 


±1.27 


±2.08 


1.  Standoff  distance  was  7.5  inches  in  each  case. 

2.  All  rounds  were  loaded  at  Ravenna  Arsenal  with 

Comp  B from  Holston  Lot  3-126. 

3.  DRC  15-10  test  assemblies  were  used. 

4.  Round  P4-15  was  accidentally  damaged  and  was  subsequently 
destroyed. 
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Tabl»  VI 

Penetration  Onto  For  DRD  272  No.  1 Liners 

50  fl€it  Hut»$ 

Sm  Pig.  6 


Round  No. 

Pounds 
Comp  B 

Rev/Sec 

Penetration 
(inches  M.S.) 

Max. Spread 
(inches) 

Std.  Deviation 
(inches) 

P50-10 

2.62 

-90 

3.31 

P50-11 

2.46 

It 

3.12 

P50-12 

2.52 

tl 

4.00 

Avg.  3.48 

.88 

±.47 

P50-1 

2.52 

0 

6.94 

P50-2 

2.50 

It 

7.50 

P50-3 

2.48 

tl 

6. 12 

Avg.  6.6S 

1.38 

±.70 

P50-17 

2.56 

30 

8.44 

P50-18 

2.42 

It 

8.18 

P50-19 

2.56 

It 

10.18 

Avg.  S.'9S 

2.  00 

±1.09 

P50-13 

2.50 

45 

Low  Order 

P50-14 

2.  52 

II 

11.25 

P50-15 

2.52 

It 

14.31 

P50-16 

2.52 

It 

9.56 

P50-26 

2.50 

tt 

8.06 

Avg.  10.80 

6.25 

P50-23 

2.52 

50 

10.25 

P50-24 

2.52 

tt 

12.12 

P50-25 

2.52 

tl 

11.38 

Avg.  11. 

1.87 

±.94 

P50-20 

2.50 

60 

10.69 

P50-21 

2.48 

It 

7.88 

P50-22 

2.52 

tt 

10.81 

Avg.  9.7'9 

2.93 

±1. 66 

P50-4 

2.50 

90 

5.62 

P50-5 

2.48 

• t 

4.56 

P50-8 

2.54 

If 

5.38 

Avg.  6. 19 

1.06 

±.  56 

P50-6 

2.54 

180 

3.62 

P50-7 

2.50 

tl 

3.69 

P50-9 

2.51 

If 

3.25 

Avg.  ITSI 

.44 

±.  24 

Notes: 

1.  Standoff  distance  was  7.5  inches  in  each  case. 

2.  Rounds  loaded  at  Ravenna  Arsenal  with  Comp.  B from  Holston  Lot  3-126. 

3.  DRC376  test  assemblies  were  used. 

4.  Detonators  and  boosters  were  placed  in  DRB  262-1  dummy  base  elements 
and  inserted  in  molded  cavity  in  charge. 
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DISTRIBUTION 


NumiMr 

of 

Copies 

NUMBIRS 

INSTALLATION 

1 

1 

Offleo/  Chiof  of  Ordnance 

ORDTS 

2 

2-3 

ORDTA 

1 

4 

ORDTQ 

1 

5 

ORDTR 

1 

6 

ORDTB 

10 

7-16  incl. 

Arsenals 

Frankford 

2 

17-18 

Picatinny 

2 

19-20 

Aberdeen  Proving  Ground 

Ballistics  Research  Laboratory 

1 

21 

Development  and  Proof  Services 

1 

22 

ContrcKfors 

Carnegie  Institute  of  Technology 

1 

23 

U.  S.  Navy 

Bureau  of  Navy  Ordnance 

2 

24-25 

Naval  Ordnance  Laboratory, 

1 

26 

White  Oak 

Naval  Ordnance  Test  Station, 

1 

27 

Inyokern 

Naval  Proving  Ground,  Dahlgren 
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